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AUTOMATIC PARKING METHOD, DEVICE,
SYSTEM, AND VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase entry under 35 U.S.C.
§ 371 of International Application No. PCT/CN2019/

091942, filed on Jun. 19, 2019, which claims priority to
Chinese Patent Application No 201810714751 .8 filed by the
BYD Co., Ltd. on Jun. 29, 2018, and entitled AUTOMATIC
PARKING METHOD, APPARATUS AND SYSTEM, AND
VEHICLE, the entire content of all of which 1s incorporated
herein by reference 1n 1ts entirety.

FIELD

The present disclosure relates to the technical field of
vehicle parking technologies, and 1n particular, to an auto-
matic parking method, device, system, and a vehicle.

BACKGROUND

In the related art, the methods for implementing automatic
parking technologies include using ultrasonic radars to
detect the distance between a moving vehicle and obstacle
vehicles on parking spaces, to determine whether an empty
parking space exists between the obstacle vehicles, or, using,
a panoramic 1image to detect whether a parking space line
exists, to detect and confirm the parking space, thereby
implementing automatic parking.

However, the alorementioned automatic parking methods
have certain limitations: parking spaces cannot be recog-
nized accurately when there are a great number of empty
parking spaces 1n a parking lot, in the case of angle parking
spaces, or when the light intensity of the parking lot 1s low.
At this point, the automatic parking cannot be implemented
quickly and efliciently, which greatly reduces the efliciency
ol automatic parking.

SUMMARY

An objective of the present disclosure 1s to at least resolve
one of the technical problems in the related art to some
extent. In view of this, a first objective of the present
disclosure 1s to provide an automatic parking method, 1n
which a virtual parking space can be generated to assist a
vehicle to implement automatic parking when no parking
space exists near the vehicle, to implement automatic park-
ing in an eflicient, tlexible, and safe way.

A second objective of the present disclosure 1s to provide
an automatic parking device.

A third objective of the present disclosure 1s to provide an
automatic parking system.

A Tourth objective of the present disclosure 1s to provide
a vehicle.

To achieve the above objectives, 1 a first aspect, an
embodiment of the present disclosure provides an automatic
parking method, including the following steps: acquiring a
panoramic 1mage near a vehicle, and recogmzing a parking
space line in the panoramic image; determining whether a
parking space exists near the vehicle according to a recog-
nition result; 1 the recognition result 1s no, generating a
virtual parking space; and controlling the vehicle to park
automatically according to the virtual parking space.

In the automatic parking method according to the embodi-
ments ol the present disclosure, a panoramic i1mage 1s
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acquired near a vehicle, and a parking space line 1s recog-
nized in the panoramic image; whether a parking space
exists near the vehicle 1s determined according to a recog-
nition result; 1f the recognition result 1s no, a virtual parking
space 1s generated; and the vehicle 1s controlled to park
automatically according to the virtual parking space. In this
way, a virtual parking space can be generated to assist the
vehicle to implement automatic parking when no parking
space exists near the vehicle, to implement automatic park-

ing in an eflicient, flexible, and safe way.

According to an embodiment of the present disclosure,
the automatic parking method further includes adjusting the
virtual parking space according to an adjustment 1nstruction
of the virtual parking space input by a user and controlling
the vehicle to park automatically according to the adjusted
virtual parking space.

According to an embodiment of the present disclosure,
the controlling the vehicle to park automatically according
to the adjusted virtual parking space includes: acquiring first
actual physical position coordinates of the adjusted virtual
parking space on the ground; planning an automatic parking
trajectory according to the first actual physical position
coordinates; and controlling the vehicle to park automati-
cally along the automatic parking trajectory according to the
automatic parking trajectory.

According to an embodiment of the present disclosure,
the adjusting the virtual parking space according to an
adjustment 1nstruction of the virtual parking space mput by
a user includes: adjusting a size of the virtual parking space
according to a size adjustment instruction of the virtual
parking space mput by the user; and/or, adjusting an angle
of the virtual parking space according to an angle adjustment
istruction of the virtual parking space input by the user;
and/or, adjusting a position of the virtual parking space
according to a position adjustment instruction of the virtual
parking space input by the user.

According to an embodiment of the present disclosure,
the determiming whether a parking space exists near the
vehicle according to a recogmition result includes: it a
probable parking space line 1s recognized, and a pixel value
of the probable parking space line 1s greater than or equal to
a set pixel value threshold, determining that the parking
space exists near the vehicle; or, if a probable parking space
line 1s recognized, but a pixel value of the probable parking
space line 1s smaller than a set pixel value threshold, or a
probable parking space line i1s not recognized, determining
that no parking space exists near the vehicle.

According to an embodiment of the present disclosure,
the automatic parking method further includes: extracting a
valid parking space line from the probable parking space
line according to a preset parking space feature line if the
parking space exists near the vehicle; generating a plurality
of valid virtual parking spaces according to the valid parking
space line, the valid virtual parking spaces being 1n one-to-
one correspondence with real parking spaces corresponding
to the valid parking space line; selecting a target valid virtual
parking space from the plurality of valid virtual parking
spaces according to a selection mstruction from the plurality
of valid virtual parking spaces mput by the user; and
controlling the vehicle to park automatically according to
the target valid virtual parking space.

According to an embodiment of the present disclosure,
the extracting a valid parking space line from the probable
parking space line according to a preset parking space
teature line includes matching the probable parking space
line against the preset parking space feature line and using
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the probable parking space line matching the preset parking,
space feature line as the valid parking space line.

According to an embodiment of the present disclosure,
the controlling the vehicle to park automatically according
to the target valid virtual parking space includes: acquiring,
second actual physical position coordinates of the target
valid virtual parking space on the ground; planning an
automatic parking trajectory according to the second actual
physical position coordinates; and controlling the vehicle to
park automatically along the automatic parking trajectory
according to the automatic parking trajectory.

According to an embodiment of the present disclosure,
the automatic parking method further includes: detecting
whether there 1s an obstacle on the automatic parking
trajectory; 1f there 1s an obstacle on the automatic parking
trajectory, controlling the vehicle to slow down and stop, and
re-planning the automatic parking trajectory; and control-
ling, according to the re-planned automatic parking trajec-
tory, the vehicle to park automatically along the re-planned
automatic parking trajectory.

According to an embodiment of the present disclosure,
the acquiring a panoramic 1mage near a vehicle icludes
acquiring a plurality of 1images in different directions near
the vehicle and preprocessing the plurality of 1mages to
obtain the panoramic 1mage.

According to an embodiment of the present disclosure,
the preprocessing the plurality of images includes perform-
ing any one of or a combination of the following processes
on the plurality of 1images: noise removal, cutting, splicing,
smoothing, and calibration and distortion correction.

To achieve the above objectives, 1n a second aspect, an
embodiment of the present disclosure provides an automatic
parking device, including an acquisition module configured
to acquire a panoramic 1mage near a vehicle and recognize
a parking space line 1n the panoramic image, a determining
module configured to determine whether a parking space
exists near the vehicle according to a recognition result, a
first generating module configured to generate a virtual
parking space 1f no parking space exists near the vehicle, and
a first parking module configured to control the vehicle to
park automatically according to the virtual parking space.

In the automatic parking device according to the embodi-
ments of the present disclosure, the acquisition module
acquires a panoramic image near a vehicle, and recognizes
a parking space line 1n the panoramic 1mage. The determin-
ing module determines whether a parking space exists near
the vehicle according to a recognition result. The first
generating module generates a virtual parking space 1f no
parking space exists near the vehicle. The first parking
module controls the vehicle to park automatically according,
to the virtual parking space. In this way, a virtual parking
space can be generated to assist the vehicle to implement
automatic parking when no parking space exists near the
vehicle, to implement automatic parking in an eflicient,
flexible, and sate way.

According to an embodiment of the present disclosure,
the automatic parking device further includes an adjustment
module configured to adjust the wvirtual parking space
according to an adjustment 1nstruction of the virtual parking
space mput by a user. The first parking module 1s further
configured to: acquire first actual physical position coordi-
nates of the adjusted virtual parking space on the ground;
plan an automatic parking trajectory according to the first
actual physical position coordinates; and control the vehicle
to park automatically along the automatic parking trajectory
according to the automatic parking trajectory.
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According to an embodiment of the present disclosure,
the determining module 1s specifically configured to: deter-
mine that the parking space exists near the vehicle 1t a
probable parking space line 1s recognized, and a pixel value
of the probable parking space line 1s greater than or equal to
a set pixel value threshold; or, determine that no parking
space exists near the vehicle if a probable parking space line
1s recognized, but a pixel value of the probable parking
space line 1s smaller than a set pixel value threshold, or a
probable parking space line 1s not recognized.

According to an embodiment of the present disclosure,
the automatic parking device further includes: an extraction
module configured to extract a valid parking space line from
the probable parking space line according to a preset parking
space feature line if the parking space exists near the vehicle;
a second generating module configured to generate a plu-
rality of valid virtual parking spaces according to the valid
parking space line, the valid virtual parking spaces being in
one-to-one correspondence with real parking spaces corre-
sponding to the valid parking space line; a selection module
configured to select a target valid virtual parking space from
the plurality of valid virtual parking spaces according to a
selection 1nstruction from the plurality of valid wvirtual
parking spaces input by the user; and a second parking
module configured to: acquire second actual physical posi-
tion coordinates of the target valid virtual parking space on
the ground; plan an automatic parking trajectory according
to the second actual physical position coordinates; and
control the vehicle to park automatically along the automatic
parking trajectory according to the automatic parking tra-
jectory.

According to an embodiment of the present disclosure,
the extraction module 1s specifically configured to: match
the probable parking space line against the preset parking
space feature line; and use the probable parking space line
that matches the preset parking space feature line as the valid
parking space line.

According to an embodiment of the present disclosure,
the automatic parking device further includes: a detection
module configured to detect whether there 1s an obstacle on
the automatic parking trajectory; a planning module config-
ured to control the vehicle to slow down and stop, and
re-plan the automatic parking trajectory 1f there i1s an
obstacle on the automatic parking trajectory; and a third
parking module configured to control the vehicle to park
automatically along the re-planned automatic parking tra-
jectory according to the re-planned automatic parking tra-
jectory.

To achieve the above objectives, 1n a third aspect, an
embodiment of the present disclosure provides an automatic
parking system, including the automatic parking device.

In the automatic parking system according to the embodi-
ments of the present disclosure, the aforementioned auto-
matic parking device 1s used to generate a virtual parking
space to assist a vehicle to implement automatic parking
when no parking space exists near the vehicle, to implement
automatic parking in an ethicient, flexible, and sate way.
To achieve the above objectives, in a fourth aspect, an
embodiment of the present disclosure provides a vehicle,
including the automatic parking system.

In the vehicle according to the embodiments of the
present disclosure, the aforementioned automatic parking
system 1s used to generate a virtual parking space to assist
a vehicle to implement automatic parking when no parking
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space exists near the vehicle, to implement automatic park-
ing in an eflicient, tlexible, and safe way.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are provided to further
understand the present disclosure, and they constitute a part
of the specification. The accompanying drawings, along
with the specific implementations, are used to explain the
present disclosure, and pose no limitation on the present
disclosure. In the accompanying drawings:

FIG. 1 1s a flowchart of an automatic parking method
according to an embodiment of the present disclosure;

FIG. 2 1s another flowchart of the automatic parking
method according to an embodiment of the present disclo-
SUre;

FIG. 3 1s a schematic block diagram of an automatic
parking device according to an embodiment of the present
disclosure:

FIG. 4 1s another schematic block diagram of the auto-
matic parking device according to an embodiment of the
present disclosure;

FIG. 5 1s a schematic block diagram of the automatic
parking device according to another embodiment of the
present disclosure;

FIG. 6 1s a schematic block diagram of the automatic
parking device according to still another embodiment of the
present disclosure;

FIG. 7 1s a schematic block diagram of an automatic
parking system according to an embodiment of the present
disclosure; and

FIG. 8 1s a schematic block diagram of a vehicle accord-
ing to an embodiment of the present disclosure

DETAILED DESCRIPTION

The following describes 1n detaill embodiments of the
present disclosure. Examples of the embodiments are shown
in the accompanying drawings, where reference signs that
are the same or similar from beginning to end represent same
or similar components or components that have same or
similar functions. The embodiments described below with
reference to the accompanying drawings are exemplary and
used only for explaining the present disclosure, and should
not be construed as a limitation on the present disclosure.

Below an automatic parking method, device, system, and
a vehicle provided by the embodiments of the present
disclosure are described.

FIG. 1 1s a flowchart of an automatic parking method
according to an embodiment of the present disclosure. As
shown 1n FIG. 1, the automatic parking method according to
the embodiments of the present disclosure may include the
following steps:

S1: Acquiring a panoramic image near a vehicle, and
recognizing a parking space line in the panoramic 1mage.

According to an embodiment of the present disclosure,
the acquiring a panoramic 1image near a vehicle may include
acquiring a plurality of 1images 1n different directions near
the vehicle and preprocessing the plurality of 1mages to
obtain the panoramic image.

The preprocessing the plurality of images may include
performing any one ol or a combination of the following
processes on the plurality of 1images: noise removal, cutting,
splicing, smoothing, and calibration and distortion correc-
tion.

An 1mage perception module may be configured to
acquire the panoramic image near the vehicle, and the image
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perception module may include a front camera, a rear
camera, a left camera, and a right camera. The front camera
1s disposed on the front part of the vehicle, which i1s not
limited to a position on the front bumper; the rear camera 1s
disposed on the rear part of the vehicle, which 1s not limited
to a position on the rear bumper; the left camera 1s disposed
on the left side of the vehicle, which i1s not limited to a
position on the lelt rear-view mirror; the right camera 1s
disposed on the right side of the vehicle, which 1s not limited
to a position on the right rear-view mirror; and the front,
rear, left and right cameras are installed at required heights
and provide a required angle of view.

To acquire the panoramic image near the vehicle, the
front, rear, left and right cameras may capture images
(video/image) 1n different directions near the vehicle. Then,
the 1images 1n different directions undergo preprocesses such
as noise removal, cutting, splicing, smoothing, and calibra-
tion and distortion correction to form an 1mage covering a
360° field of view near the vehicle, that 1s, the panoramic
image. After the panoramic image near the vehicle 1s
acquired, a parking space line can be recognized in the
panoramic 1mage to extract all possible parking space lines
near the vehicle in the panoramic image. The specific
recognition process 1s implemented by using the existing
technology, and 1s not described 1n detail heremn. Prepro-
cessing the images 1n different directions can eflectively
climinate 1rrelevant information in the 1mages, restore useful
real information, enhance the detectability of relevant infor-
mation, and simplify data to the greatest extent, thereby
improving the reliability of subsequent feature recognition.

S2: Determining whether a parking space exists near the
vehicle according to a recognition result.

According to an embodiment of the present disclosure,
the determiming whether a parking space exists near the
vehicle according to a recognition result may include: if a
probable parking space line 1s recognized, and a pixel value
of the probable parking space line 1s greater than or equal to
a set pixel value threshold, determining that the parking
space exists near the vehicle; or 1f a probable parking space
line 1s recognized, but a pixel value of the probable parking
space line 1s smaller than a set pixel value threshold, or a
probable parking space line 1s not recogmzed, determining
that no parking space exists near the vehicle. The pixel value
threshold can be calibrated according to actual situations.

During recognition of the parking space line in the
panoramic 1mage, the parking space line may be or not be
recognized, and the recognized parking space line may be a
valid parking space line or an imvalid parking space line.
Therefore, at this point, all recognized possible parking
space lines are listed as probable parking space lines, and
then whether a parking space exists near the vehicle 1s
determined based on the probable parking space lines. For
example, a pixel value of the probable parking space line can
be compared with a set pixel value threshold. I the pixel
value of the probable parking space line 1s greater than the
set pixel value threshold, 1t can be preliminarily determined
that a parking space exists near the vehicle, and whether the
parking space actually exists will be further determined in
subsequent steps; if the pixel value of the probable parking
space line 1s smaller than the set pixel value threshold, it can
be determined that no parking space exists near the vehicle.
In addition, if the probable parking space line 1s not recog-
nized, 1t 1s directly determined that no parking space exists
near the vehicle.

For example, whether a parking space exists cannot be
determined accurately in the following circumstances: the
ambient light intensity 1s relatively low, or the parking space




US 11,541,881 B2

7

line 1s unclear due to heavy rain, heavy snow or even heavy
fog, or the contrast between the parking space line and the
ground 1s not high, or there i1s serious interference in the
parking space, or there are a large number of empty parking
spaces leading to low efliciency in automatic detection and
parking space search, and even failure to find the parking
space. IT further determination 1s made at this time, not only
the efliciency of automatic parking 1s low, but also there 1s
a possibility of misjudgment. Therefore, when the probable
parking space line 1s not recognized, it can be directly
determined that no parking space exists near the vehicle. If
the probable parking space line 1s recognized and the pixel
value of the probable parking space line 1s smaller than or
equal to the pixel value threshold, that 1s, when the probable
parking space line 1s unclear, the parking space line 1s
directly 1gnored. At this point, it can be determined that no
parking space exists near the vehicle, and the process enters
the processing of no parking space, thereby avoiding the
process ol further recognizing probable parking space lines
and reducing the possibility of misjudgment. For the parking
space line having a pixel value greater than the pixel value
threshold value, that 1s, the clear parking space line, further
determination can be made on the parking space line to
determine whether a valid parking space exists near the
vehicle, and further processing 1s made according to a
determining result. Specific determination and processing
are described 1n the following.

S3: If the recognition result indicates that no parking
space exists near the vehicle, generating a virtual parking
space.

S4: Controlling the vehicle to park automatically accord-
ing to the virtual parking space.

When it 1s determined that no parking space exists near
the vehicle, a user can manually generate a virtual parking
space. The virtual parking space includes but 1s not limited
to a parallel parking space, a perpendicular parking space,
and an angle parking space. Then, the vehicle 1s controlled
to park automatically according to the virtual parking space.
For example, when 1t 1s determined that no parking space
exists near the vehicle, the panoramic 1mage can be dis-
played on a display device, and the user can be reminded by
text or voice that no parking space exists near the vehicle
and that the user needs to manually generate a virtual
parking space. At this point, the user can select a preset
virtual parking space (for example, a parallel parking space)
from the system according to the panoramic image or the
actual environment near the vehicle. After the user com-
pletes selection, the vehicle can be controlled to park auto-
matically according to the virtual parking space selected by
the user. In this way, when it 1s determined that no parking,
space exists near the vehicle, a virtual parking space can be
manually generated through the control and confirmation of
human consciousness, to achieve eflicient, flexible, and
accurate parking space selection and confirmation. In this
way, the automatic parking 1s implemented 1n an efficient,
flexible, and sate way.

The display module may be an in-vehicle display device
or a terminal device, so that when the user 1s 1n the vehicle,
the user can generate the virtual parking space according to
the panoramic 1mage provided on the in-vehicle display
device; when the user 1s near the vehicle or away from the
vehicle, the user can generate the virtual parking space
according to the panoramic image provided on the terminal
device (such as a mobile phone), thereby making parking
more flexible, and eflicient.

According to an embodiment of the present disclosure,
the automatic parking method may further include adjusting,
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8

the virtual parking space according to an adjustment 1nstruc-
tion of the virtual parking space mput by the user and
controlling the vehicle to park automatically according to
the adjusted virtual parking space.

The adjusting the virtual parking space according to an
adjustment 1nstruction of the virtual parking space input by
the user includes: adjusting a size of the virtual parking
space according to a size adjustment instruction of the
virtual parking space input by the user; and/or, adjusting an
angle of the virtual parking space according to an angle
adjustment 1nstruction of the virtual parking space input by
the user; and/or, adjusting a position of the virtual parking
space according to a position adjustment instruction of the
virtual parking space input by the user.

After the user selects the preset virtual parking space (for
example, a parallel parking space) from the system, the size,
angle (direction) and position of the virtual parking space
may not exactly match the actual required parking space, so
the user can adjust the virtual parking space at this time. For
example, the user can move the virtual parking space
according to the panoramic image or the actual environment
near the vehicle, and place the virtual parking space at a
suitable position. At the same time, the virtual parking space
can be adjusted according to the size of the suitable position,
or the direction of the virtual parking space (the virtual
parking space allows 360° rotation) can also be adjusted
according to the direction of the front of the vehicle after
parking, to implement eflicient and flexible parking at any
position and 1n any direction.

According to an embodiment of the present disclosure,
the controlling the vehicle to park automatically according
to the adjusted virtual parking space may include: acquiring
first actual physical position coordinates of the adjusted
virtual parking space on the ground; planning an automatic
parking trajectory according to the first actual physical
position coordinates; and controlling the vehicle to park
automatically along the automatic parking trajectory accord-
ing to the automatic parking trajectory.

The camera has a certain shooting angle and area, and the
area has physical location coordinates on the ground, and the
images taken by the camera are in one-to-one correspon-
dence with the physical location coordinates. Therefore,
when a virtual parking space 1s selected 1n the image, the
actual physical position coordinates of the virtual parking
space on the ground can be calculated. During automatic
parking, the automatic parking trajectory can be planned
according to the actual physical position coordinates of the
virtual parking space on the ground, and then the vehicle
may be controlled to park automatically according to the
planned automatic parking trajectory, to ensure that the
vehicle can automatically park in the virtual parking space.

For example, after the virtual parking space 1s generated,
system parameters can be calibrated and adjusted through
tests to achueve a one-to-one correspondence between the
virtual parking space and the actual position of the virtual
parking space on the ground. That 1s, the generated virtual
parking space 1s calibrated and optimized so that the gen-
erated virtual parking space 1s 1n one-to-one correspondence
with the actual position of the virtual parking space on the
ground. The test, calibration, and adjustment of the system
parameters 1mclude, but are not limited to, pixel conversion
between the camera and the display device. For example, the
image taken by the camera on a selected side of the vehicle
may be displayed on the display device, and calibration
coordinate points of the image taken by the camera on the
selected side of the vehicle are acquired. At the same time,
key physical coordinates of the virtual parking space set by
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the user may be acquired, location coordinate information of
the two 1s substituted into a preset conversion algorithm to
calculate the physical position coordinates of corresponding
calibration points 1n respective preset coordinate systems,
and deviation of the physical position coordinates obtained
through calculation from the physical position coordinates
of the corresponding calibration point preset 1n the respec-
tive coordinate system may be calculated to obtain the
deviation value of the corresponding camera, and then
parameter compensation may be performed on the image
taken by the camera until the calibration 1s controlled within
an allowable range. Finally, all images taken by the cameras
alter parameter compensation may be spliced to acquire the
panoramic 1mage near the vehicle with wvirtual parking
spaces that are 1n one-to-one correspondence with the actual
positions of the virtual parking spaces on the ground.

After the calibration and optimization of the virtual park-
ing space, an optimal automatic parking trajectory can be
planned according to the detected the surrounding environ-
ment information of the virtual parking space, and then a
steering control policy of a steering motor 1s generated.
Then, the vehicle parks 1nto the parking space according to
the planned automatic parking trajectory by using longitu-
dinal and lateral motion execution modules such as Elec-
tronic Stability Program (ESP) and Electric Power Steering,
(EPS), to implement fast and safe automatic parking.

In the automatic parking method according to the embodi-
ments of the present disclosure, when 1t 1s determined that
no parking space exists near the vehicle, a virtual parking
space can be manually generated through the control and
confirmation of human consciousness, and the vehicle can
be controlled to park automatically according to the virtual
parking space. Therefore, to certain extent, the mobility,
flexibility and safety 1s improved by the human-assisted
virtual parking space in the process of the automatic parking,
which makes up for the limitations of automatic parking in
related technologies, eflectively solves the problem of auto-
matic parking failure, and greatly improves the efliciency of
automatic parking.

According to an embodiment of the present disclosure,
the automatic parking method may further include: extract-
ing a valid parking space line from the probable parking
space line according to a preset parking space feature line 1f
a parking space exists near the vehicle; generating a plurality
of valid virtual parking spaces according to the valid parking
space line, the valid virtual parking spaces being 1n one-to-
one correspondence with real parking spaces corresponding
to the valid parking space line, that is, the valid virtual
parking spaces are real parking spaces; selecting a target
valid virtual parking space from the plurality of valid virtual
parking spaces according to a selection instruction from the
plurality of valid virtual parking spaces input by the user;
and controlling the vehicle to park automatically according
to the target valid virtual parking space.

The extracting a valid parking space line from the prob-
able parking space line according to a preset parking space
feature line may include: matching the probable parking
space line against the preset parking space feature line; and
using the probable parking space line matching the preset
parking space feature line as the valid parking space line.
The preset parking space feature line 1s configured to
indicate an actual parking space, which can be acquired by
collecting current commonly used actual parking space

lines. The preset parking space feature line can include the
length, width, thickness and the like of the actual parking
space line, which 1s not limited herein.
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When a clear probable parking space line 1s detected, the
probable parking space line may be further matched against
the preset parking space feature line to determine whether
the probable parking space line 1s a valid parking space line
(the parking space line 1s clear and no vehicle parks within
the parking space line). If the probable parking space line 1s
a valid parking space line, position coordinates of the valid
parking space line may be calibrated 1in the panoramic
image, and then, according to the position coordinates of the
valid parking space line, the accurate position coordinates of
the parking spaces can be determined and calibrated to
generate several valid virtual parking spaces. The valid
virtual parking spaces may include parallel parking spaces,
perpendicular parking spaces, angle parking spaces, and the
like, and through tests and calibration, the system param-
cters can be adjusted to ensure that the valid virtual parking
spaces are 1n one-to-one correspondence with the actual
positions of the virtual parking spaces on the ground.

After several valid virtual parking spaces are generated,
the panoramic 1mage with the valid virtual parking spaces
can be presented to a user on the display module. In this way,
the user can select a suitable parking space as the target valid
virtual parking space from the several valid virtual parking
spaces according to the panoramic image or the actual
environment near the vehicle. Then, the vehicle may be
controlled to park automatically according to the target valid
virtual parking space, thereby implementing eflicient and
flexible automatic parking.

According to an embodiment of the present disclosure,
the controlling the vehicle to park automatically according
to the target valid virtual parking space may include: acquir-
ing second actual physical position coordinates of the target
valid virtual parking space on the ground; planning an
automatic parking trajectory according to the second actual
physical position coordinates; and controlling the vehicle to
park automatically along the automatic parking trajectory
according to the automatic parking trajectory. For the spe-
cific parking process, reference may be made to the fore-
going, and description about details of the process will not
be repeated detail here.

In this way, when a plurality of valid parking spaces exists
near the vehicle, corresponding virtual parking spaces can be
generated according to the valid parking spaces. Thus, the
user can directly select a parking space from the virtual
parking spaces for automatic parking, to implement eflicient
and flexible automatic parking.

FIG. 2 1s a flowchart of an automatic parking method
according to an embodiment of the disclosure. As shown 1n
FIG. 2, the automatic parking method may include the
following steps:

S101: Starting an automatic parking.

S5102: Searching for a parking space.

S103: Determining whether there i1s a parking space
available near a vehicle; 1f there 1s a parking space available
near a vehicle, performing S105; 1t there 1s no parking space
available near the vehicle, performing S104.

S104: Adding a virtual parking space. Adding the virtual
parking space includes manually adding a parallel parking
space, a perpendicular parking space, or an angle parking
space. The virtual parking space can be moved, and the
direction thereotf allows 360° adjustment.

S105: Selecting a suitable parking space for parking.
Selecting the suitable parking space for parking includes a
parallel parking space, a perpendicular parking space, or an
angle parking space.




US 11,541,881 B2

11

S106: Displaying the parking space on a display device,
manually confirming the result, and implementing the auto-
matic parking according to the surrounding environment.

S107: Completing the automatic parking.

In the automatic parking method according to the embodi-
ments of the present disclosure, when the system detects a
clear parking space line, a plurality of valid virtual parking
spaces can be generated. At this point, a user can select a
suitable parking space from the plurality of valid virtual
parking spaces, and then implement automatic parking
according to the parking space. When the parking space line
1s unclear due to extreme parking environment and extreme
weather conditions, or the contrast between the parking
space line and the ground is not high, or there 1s serious
interference 1n the parking space, or there are a large number
of empty parking spaces leading to low efliciency in auto-
matic detection and parking space search, and even failure
to find the parking space, the system cannot detect the
parking space line. Therefore, a user can manually generate
a suitable virtual parking space, and then implement auto-
matic parking according to the manual virtual parking space,
to 1implement fast, eflicient, and safe parking space confir-
mation and optimal selection. In this way, the automatic
parking 1s implemented 1n an efhcient, flexible, and safe
way.

According to an embodiment of the present disclosure,
the automatic parking method may turther include: detecting
whether there 1s an obstacle on the automatic parking
trajectory; if there 1s an obstacle on the automatic parking
trajectory, controlling the vehicle to slow down and stop, and
re-planning the automatic parking trajectory; and control-
ling, according to the re-planned automatic parking trajec-
tory, the vehicle to park automatically along the re-planned
automatic parking trajectory.

In the process of automatic parking, the free space near
the vehicle can be detected by using ultrasonic long-range
radars, and the obstacles on the automatic parking trajectory
can be avoided by using ultrasonic short-range radars. When
the ultrasonic short-range radars detect an obstacle on the
automatic parking trajectory, the vehicle can slow down and
stop by using execution modules such as Electronic Park
Brake (EPB), and an optimal automatic parking trajectory
can be re-planned according to the new environment until
the parking process 1s completed. In this way, in the process
of automatic parking, when an obstacle 1s detected, an
optimal automatic parking trajectory can be re-planned
according to the new environment, thereby implementing
safe automatic parking.

There may be four ultrasonic long-range radars, two of
which are disposed on the front bumper of the vehicle, and
the other two are disposed on the rear bumper of the vehicle,
and the four ultrasonic long-range radars are all parallel to
the longitudinal section of the vehicle body; there may be
eight ultrasonic short-range radars, four of which are dis-
posed on the front bumper of the vehicle, and the other four
are disposed on the rear bumper of the vehicle. In addition,
the ultrasonic long-range radar and the ultrasonic short-
range radar are installed at required heights and provide a
required angle of view.

In conclusion, 1 the automatic parking method according
to the embodiments of the present disclosure, when auto-
matic parking 1s required, by sensing the environmental
information near the vehicle, a suitable parking space can be

manually selected or manually generated through the control
and confirmation of human consciousness, to achieve eth-

cient, flexible, and accurate parking space selection and
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confirmation. In this way, the automatic parking 1s 1mple-
mented 1n an eflicient, flexible, and safe way.

FIG. 3 1s a schematic block diagram of an automatic
parking device according to an embodiment of the present
disclosure.

As shown 1n FIG. 3, the automatic parking device accord-
ing to the embodiments of the present disclosure may
include: an acquisition module 10, a determining module 20,
a first generating module 30, and a first parking module 40.

The acquisition module 10 1s configured to acquire a
panoramic 1mage near a vehicle and recognize a parking
space line 1n the panoramic image. The determining module
20 1s configured to determine whether a parking space exists
near the vehicle according to a recogmition result. The first
generating module 30 1s configured to generate a virtual
parking space if no parking space exists near the vehicle.
The first parking module 40 i1s configured to control the
vehicle to park automatically according to the virtual park-
Ing space.

According to an embodiment of the present disclosure, as
shown in FIG. 4, the automatic parking device further
includes: an adjustment module 50. The adjustment module
50 1s configured to adjust the virtual parking space according
to an adjustment instruction of the virtual parking space
input by a user, and the first parking module 40 1s further
configured to control the vehicle to park automatically
according to the adjusted virtual parking space.

According to an embodiment of the present disclosure,
the first parking module 40 1s specifically configured to:
acquire first actual physical position coordinates of the
adjusted virtual parking space on the ground; plan an
automatic parking trajectory according to the first actual
physical position coordinates; and control the vehicle to park
automatically along the automatic parking trajectory accord-
ing to the automatic parking trajectory.

According to an embodiment of the present disclosure,
the adjustment module 50 1s specifically configured to:
adjust a size of the virtual parking space according to a size
adjustment 1nstruction of the virtual parking space mput by
the user; and/or, adjust an angle of the virtual parking space
according to an angle adjustment instruction of the virtual
parking space input by the user; and/or, adjusting a position
of the virtual parking space according to a position adjust-
ment instruction of the virtual parking space mput by the
user.

According to an embodiment of the present disclosure,
the determining module 20 1s specifically configured to:
determine that the parking space exists near the vehicle 1f a
probable parking space line 1s recognized, and a pixel value
of the probable parking space line 1s greater than or equal to
a set pixel value threshold, or determine that no parking
space exists near the vehicle 11 a probable parking space line
1s recognized, but a pixel value of the probable parking
space line 1s smaller than a set pixel value threshold, or a
probable parking space line 1s not recognized.

According to an embodiment of the present disclosure, as
shown 1n FIG. 5, the automatic parking device further
includes: an extraction module 60, a second generating
module 70, a selection module 80, and a second parking
module 90. The extraction module 60 1s configured to
extract a valid parking space line from the probable parking
space line according to a preset parking space feature line 11
the parking space exists near the vehicle. The second gen-
erating module 70 1s configured to generate a plurality of
valid virtual parking spaces according to the valid parking
space line. The valid virtual parking spaces are 1n one-to-one
correspondence with real parking spaces corresponding to
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the valid parking space line. The selection module 80 1s
configured to select a target valid virtual parking space from
the plurality of valid virtual parking spaces according to a
selection 1nstruction from the plurality of valid wvirtual
parking spaces input by the user. The second parking module
90 1s configured to control the vehicle to park automatically
according to the target valid virtual parking space.

According to an embodiment of the present disclosure,
the extraction module 60 1s specifically configured to match
the probable parking space line against the preset parking
space feature line and use the probable parking space line
matching the preset parking space feature line as the valid
parking space line.

According to an embodiment of the present disclosure,
the second parking module 70 is specifically configured to:
acquire second actual physical position coordinates of the
target valid virtual parking space on the ground; plan an
automatic parking trajectory according to the second actual
physical position coordinates; and control the vehicle to park
automatically along the automatic parking trajectory accord-
ing to the automatic parking trajectory.

According to an embodiment of the present disclosure, as
shown 1 FIG. 6, the automatic parking device further
includes: a detection module 100, a planning module 110,
and a third parking module 120. The detection module 100
1s configured to detect whether there 1s an obstacle on the
automatic parking trajectory. The planning module 110 1s
configured to control the vehicle to slow down and stop, and
re-plan the automatic parking trajectory if there 1s an
obstacle on the automatic parking trajectory. The third
parking module 120 1s configured to control, according to
the re-planned automatic parking trajectory, the vehicle to
park automatically along the re-planned automatic parking
trajectory.

According to an embodiment of the present disclosure,
the acquisition module 10 1s specifically configured to
acquire a plurality of images 1n different directions near the
vehicle and preprocess the plurality of images to obtain the
panoramic image.

According to an embodiment of the present disclosure,
the acquisition module 10 1s specifically configured to
perform any one ol or a combination of the following
processes on the plurality of 1mages: noise removal, cutting,
splicing, smoothing, and calibration and distortion correc-
tion.

It should be noted that for details not disclosed in the
automatic parking device 1in the embodiments of the present
disclosure, reference should be made to the details disclosed
in the automatic parking method 1n the embodiments of the
present disclosure. The description will not be repeated here.

In the automatic parking device according to the embodi-
ments of the present disclosure, the acquisition module
acquires a panoramic 1image near a vehicle and recognizes a
parking space line 1n the panoramic image. The determining,
module determines whether a parking space exists near the
vehicle according to a recognition result. The first generating
module generates a virtual parking space if no parking space
exists near the vehicle. The first parking module controls the
vehicle to park automatically according to the virtual park-
ing space. In this way, a virtual parking space can be
generated to assist the vehicle to implement automatic
parking when no parking space exists near the vehicle, to
implement automatic parking in an eflicient, flexible, and
safe way.

FIG. 7 1s a schematic block diagram of an automatic
parking system according to an embodiment of the present
disclosure. As shown 1n FIG. 7, an automatic parking system
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1100 according to an embodiment of the present disclosure
includes an automatic parking device 1000.

In the automatic parking system according to the embodi-
ments of the present disclosure, the alorementioned auto-
matic parking device 1s used to generate a virtual parking
space to assist a vehicle to implement automatic parking
when no parking space exists near the vehicle, to implement
automatic parking 1n an ethicient, flexible, and sate way.

FIG. 8 1s a schematic block diagram of a vehicle accord-
ing to an embodiment of the present disclosure. As shown 1n
FIG. 8, a vehicle 1200 according to an embodiment of the
present disclosure includes the automatic parking system
1100.

In the vehicle according to the embodiments of the
present disclosure, the aforementioned automatic parking
system 1s used to generate a virtual parking space to assist
a vehicle to implement automatic parking when no parking
space exists near the vehicle, to implement automatic park-
ing in an eflicient, flexible, and safe way.

It should be understood that, some embodiments of the
present disclosure can be implemented by using hardware,
software, firmware, or a combination thereof. In the fore-
going 1mplementations, a plurality of steps or methods may
be implemented by using software or firmware that are
stored 1n a memory and are executed by a proper 1nstruction
execution system. For example, 1f being implemented by
hardware, like another implementation, the plurality of steps
or methods may be implemented by any one of following
common technologies 1n the art or a combination thereof: a
discrete logic circuit of a logic gate circuit for realizing a
logic function for a data signal, an application specific
integrated circuit (ASIC) having a suitable combined logic
gate circuit, a programmable gate array (PGA), and a field
programmable gate array (FPGA).

In the description of the present disclosure, 1t should be
understood that, orientations or position relationships 1ndi-
cated by terms such as “center”, “longitudinal”, “trans-
verse”, “length”, “width”, “thickness”, “up”, “down”,
“front”, “rear”, “left”, “nght”, *“vertical”, *“horizontal”,
“top”, “bottom”, “inner”, “outer”, “clockwise”, “counter-
clockwise”, “axial”, “radial”, and “circumierential” are ori-
entations or position relationships shown based on the
accompanying drawings, and are used only for ease of
describing the present disclosure and simplifying the
description, rather than indicating or implying that the
apparatus or element should have a particular orientation or
be constructed and operated in a particular orientation, and
therefore, should not be construed as a limitation on the
present disclosure.

In addition, terms “first” and “second” are used only for
description purpose, and shall not be construed as indicating
or implying relative importance or implying a quantity of
indicated technical features. Therefore, features defined by
“first” and “second” may explicitly or implicitly include at
least one of the features. In description of the present
disclosure, “plurality of”” means at least two, such as two and
three unless it 1s specifically defined otherwise.

In the present disclosure, it should be noted that unless
otherwise clearly specified and limited, the terms
“mounted”, “connected”, “connection”, and “fixed” should
be understood 1n a broad sense. For example, a connection
may be a fixed connection, a detachable connection, or an
integral connection; or, may be a mechanical connection or
an electrical connection; or, may be a direct connection or an
indirect connection by means of an intermediate medium; or,
may be internal communication between two elements or
interaction relationship between two elements, unless oth-
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erwise clearly limited. A person of ordinary skill 1n the art
can understand specific meanings of the terms in the present
disclosure based on specific situations.

In the present disclosure, unless otherwise explicitly
specified or defined, the first feature being located “above”
or “below” the second feature may be the first feature being
in direct contact with the second feature, or the first feature
being 1n indirect contact with the second feature through an
intermediary. Moreover, the first feature “on”, “above” and
“on the top of” the second feature may be that the first
teature 1s directly above or obliquely above the second
feature, or merely that the level of the first feature level 1s
higher than that of the second feature. The first feature being,
“underneath”, “below” or ‘“on the bottom of” a second
feature may include that the first feature 1s underneath or
below the second feature or merely indicates that the hori-
zontal height of the first feature 1s lower than that of the
second feature.

In the descriptions of this specification, descriptions such
as reference terms “an embodiment”, “some embodiments”,
“example”, “specific example”, or “some examples™ mtend
to i1ndicate that specific features, structures, materials, or
characteristics described with reference to embodiments or
examples are included i1n at least one embodiment or
example of the present disclosure. In the specification,
schematic descriptions of the foregoing terms do not need to
be specific to a same embodiment or example. Furthermore,
the particular features, structures, materials, or characteris-
tics described may be combined 1n a suitable manner 1n any
one or more embodiments or examples. Besides, under the
situation of no mutual contradiction, those skilled in the art
may combine different embodiments or examples described
in this description and the features of different embodiments
or examples.

Although the embodiments of the present disclosure have
been shown and described above, 1t can be understood that
the foregoing embodiments are exemplary and should not be
understood as limitation to the present disclosure. A person
of ordinary skill 1n the art can make changes, modifications,
replacements, or variations to the foregoing embodiments
within the scope of the disclosure.

What 1s claimed 1s:

1. An automatic parking method, comprising:

acquiring a panoramic image near a vehicle, and recog-

nizing a parking space line in the panoramic image;
determining whether a parking space exists near the
vehicle according to a recognition result;
in response to determining that no parking space exists
near the vehicle, generating a virtual parking space;

adjusting the virtual parking space according to an adjust-
ment 1nstruction of the virtual parking space input by a
user; and

controlling the vehicle to park automatically according to

the adjusted virtual parking space.

2. The automatic parking method according to claim 1,
wherein the controlling the vehicle to park automatically
according to the adjusted virtual parking space comprises:

acquiring {irst actual physical position coordinates of the

adjusted virtual parking space on the ground;
planning an automatic parking trajectory according to the
first actual physical position coordinates; and
controlling the vehicle to park automatically according to
the automatic parking trajectory.

3. The automatic parking method according to claim 1,
wherein the adjusting the virtual parking space according to
an adjustment instruction of the virtual parking space mput

by a user comprises one or more of:
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adjusting a size of the virtual parking space according to
a size adjustment instruction of the virtual parking
space 1nput by the user;

adjusting an angle of the virtual parking space according

to an angle adjustment istruction of the virtual parking
space 1nput by the user; and

adjusting a position of the virtual parking space according,

to a position adjustment nstruction of the virtual park-
ing space input by the user.

4. The automatic parking method according to claim 1,
wherein the determining whether a parking space exists near
the vehicle according to a recognition result comprises:

in response to a probable parking space line being rec-

ognized, and a pixel value of the probable parking
space line being greater than or equal to a set pixel
value threshold, determining that the parking space
exists near the vehicle; or

in response to a probable parking space line being rec-

ognized, but a pixel value of the probable parking space
line being smaller than a set pixel value threshold, or a
probable parking space line being not recogmzed,
determining that no parking space exists near the
vehicle.

5. The automatic parking method according to claim 4,
further comprising:

in response to the parking space existing near the vehicle,

extracting a valid parking space line from the probable
parking space line according to a preset parking space
feature line;

generating a plurality of valid virtual parking spaces

according to the valid parking space line,

wherein the valid virtual parking spaces are 1n one-to-
one correspondence with real parking spaces corre-
sponding to the valid parking space line;

selecting a target valid virtual parking space from the

plurality of valid virtual parking spaces according to a
selection 1nstruction from the plurality of valid virtual
parking spaces mput by the user; and

controlling the vehicle to park automatically according to

the target valid virtual parking space.

6. The automatic parking method according to claim 5,
wherein the extracting the valid parking space line from the
probable parking space line according to the preset parking
space feature line comprises:

matching the probable parking space line against the

preset parking space feature line; and

using the probable parking space line that matches the

preset parking space feature line as the valid parking
space line.

7. The automatic parking method according to claim 5,
wherein the controlling the vehicle to park automatically
according to the target valid virtual parking space com-
Prises:

acquiring second actual physical position coordinates of

the target valid virtual parking space on the ground;
planning an automatic parking trajectory according to the
second actual physical position coordinates; and
controlling the vehicle to park automatically according to
the automatic parking trajectory.

8. The automatic parking method according to claim 2,
further comprising:

detecting whether there 1s an obstacle on the automatic

parking trajectory;

in response to an obstacle being on the automatic parking

trajectory, controlling the vehicle to slow down and
stop, and re-planning the automatic parking trajectory;
and
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controlling, according to the re-planned automatic park-
ing trajectory, the vehicle to park automatically along
the re-planned automatic parking trajectory.

9. The automatic parking method according to claim 1,
wherein the acquiring the panoramic image near a vehicle
COmMprises:

acquiring a plurality of images 1n different directions near

the vehicle; and

preprocessing the plurality of images to obtain the pan-

oramic 1mage,
wherein the preprocessing the plurality of 1mages com-
Prises:
performing one or more of: noise removal, cutting,
splicing, smoothing, and calibration and distortion
correction, on the plurality of images.

10. An automatic parking system, comprises:

an automatic parking device, comprising:

an acquisition module configured to acquire a pan-
oramic 1mage near a vehicle and recognize a parking
space line 1n the panoramic 1image;

a determining module configured to determine whether
a parking space exists near the vehicle according to
a recognition result;

a first generating module configured to: in response to
no parking space existing near the vehicle, generate
a virtual parking space; and

a first parking module configured to adjust the virtual
parking space according to an adjustment 1nstruction
of the virtual parking space mput by a user, and
control the vehicle to park automatically according
to the adjusted virtual parking space.
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